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Abstract

Introduction: This study aimed to assess whether induction of labor at 41 weeks of
gestation improved perinatal outcomes in a low-risk pregnancy compared with ex-
pectant management.

Material and methods: Registry-based national cohort study in The Netherlands.
The study population comprised 239 971 low-risk singleton pregnancies from 2010
to 2019, with birth occurring from 41+0 to 42+0weeks. We used propensity score
matching to compare induction of labor in three 2-day groups to expectant manage-
ment, and further conducted separate analyses by parity. The main outcome meas-
ures were stillbirth, perinatal mortality, 5-min Apgar <4 and <7, neonatal intensive
care unit (NICU) admissions 224 h, and emergency cesarean section rate.

Results: Compared with expectant management, induction of labor at 41+0 to
41+1 weeks resulted in reduced stillbirths (adjusted odds ratio [aOR] 0.15, 95% confi-
dence interval [CI] 0.05-0.51) in both nulliparous and multiparous women. Induction
of labor increased 5-min Apgar score<7 (aOR 1.30, 95% Cl 1.09-1.55) and NICU
admissions 224 h (aOR 2.12, 95% Cl 1.53-2.92), particularly in nulliparous women,
and increased the cesarean section rate (aOR 1.42, 95% Cl 1.34-1.51). At 41+2-
41+3 weeks, induction of labor reduced perinatal mortality (aOR 0.13, 95% Cl 0.04-
0.43) in both nulliparous and multiparous women. The rate of 5-min Apgar score <7
was increased (aOR 1.26, 95% Cl 1.06-1.50), reaching significance in multiparous
women. The cesarean section rate increased (aOR 1.57, 95% Cl 1.48-1.67) in both
nulliparous and multiparous women. Induction of labor at 41+4 to 41+5weeks re-
duced stillbirths (@OR 0.30, 95% Cl 0.10-0.93). Induction of labor increased rates of
5-min Apgar score <4 (aOR 1.61, 95% Cl 1.01-2.56) and NICU admissions 224 h (aOR
1.52, 95% Cl 1.08-2.13) in nulliparous women. Cesarean section rate was increased
(aOR 1.47,95% Cl 1.38-1.57) in nulliparous and multiparous women.

Abbreviations: aOR, confidence interval adjusted odds ratio; Cl, confidence interval; CS, cesarean section; IOL, induction of labor; MAS, meconium aspiration syndrome; NICU, neonatal

intensive care unit; NNT, needed to treat; RCT, randomized controlled trial.
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1 | INTRODUCTION

Infants born following a prolonged gestation beyond 41 weeks have
progressively higher risks of mortality and morbidity.}™* Post-term
pregnancy (42+0weeks or more) increases the risk for babies, includ-
ing a greater risk of stillbirth, death shortly after birth and adverse
perinatal outcome.”” Therefore, guidelines recommend induction
of labor (IOL) at 42+0weeks, which is now considered general prac-
tice in most European countries.'® However, the optimal timing of
IOL vs expectant management for women at 41 weeks or earlier is
still unclear and requires further investigation.!*™4

The recently updated Cochrane systematic review of random-
ized controlled studies on IOL by Middleton et al.*?included 20 stud-
ies investigating outcomes at 41 weeks. Compared with expectant
management until 42weeks, IOL at 41 weeks significantly reduced
perinatal mortality, neonatal intensive care (NICU) admissions, and
severe neonatal morbidity, although the absolute rates of adverse
outcomes were small.

Due to the small number of cases with adverse outcomes at
41 weeks, randomized controlled trials (RCTs) tend to lack the sta-
tistical power to study separate outcome measurements and per-
form analysis by parity. Two RCTs and one individual participant data
meta-analysis on IOL at 41 weeks of gestational age have recently
been published.15’17 A randomized controlled trial (INDEX) in the
Netherlands found that the absolute risk of severe adverse perinatal
outcomes was 1.7% in the induction group and 3.1% in the expect-
ant group.16 No difference in cesarean section (CS) rate was found.
A randomized trial in Sweden (SWEPIS) in women with a low-risk
singleton pregnancy showed a statistically higher perinatal mor-
tality rate in the expectant management group vs IOL at 41 weeks
of gestation, without differences in cesarean delivery.” A further
individual participant data analysis concluded that IOL at 41 weeks
significantly reduced the composite outcome of perinatal mortality
and severe morbidity compared with expectant management until
42weeks without increasing the CS rate in nulliparous women.*
Reliable information for IOL of multiparous women at 41 weeks is
still lacking. In addition, the optimal time for IOL in week 41 on spe-
cific day intervals is unknown.

41 weeks of gestation.

Conclusions: At 41+2 to 41+3 weeks, induction of labor reduced perinatal mortality,
and in all 2-day groups at 41 weeks, it reduced stillbirths, compared with expectant
management. Low 5-min Apgar score (<7 and<4) and NICU admissions 224h oc-
curred more often with induction of labor, especially in nulliparous women. Induction
of labor in all 2-day groups coincided with elevated cesarean section rates in nullipa-
rous and multiparous women. These findings pertaining to the choice of induction

of labor vs expectant management should be discussed when counseling women at

adverse neonatal outcome, emergency cesarean section, induction of labor, prolonged
pregnancy, propensity score matching

Key message

Induction of labor in a low-risk population at 41weeks
was independently associated with reduced perinatal
deaths but increased rates of lower 5-min Apgar scores (<4
and<7) and NICU admissions, and higher emergency CS
rates as compared with expectant management in all 2-day

groups.

The purpose of this study was to answer the following research

questions using propensity score matching in a large national cohort:

e Does IOL at 41 weeks at specific 2-day intervals reduce perinatal
mortality and severe neonatal morbidity compared to expectant
management at 41 weeks?

e What are the stratified results for nulliparous and multiparous
women?

e Does IOL affect maternal outcomes, such as instrumental de-
livery and CS rates, compared with expectant management at
41 weeks?

2 | MATERIAL AND METHODS

2.1 | Study design

This was a nationwide registry-based cohort study.

2.2 | Setting

In the Netherlands, women with low-risk term pregnancies (37+0 to
41+6weeks of gestation) are managed under the care of independent
midwives or general practitioners (primary/midwifery-led care) during
pregnancy, labor and delivery. When complications (threaten to) occur,
women are referred to an obstetrician (specialist care). Gestational age



RAVELLI ET AL.

is routinely determined by ultrasound dating scans early in the second
trimester (approximately 12 weeks of gestational age).

Expectant management, which includes assessment of the fetal
condition with sonographic examination and electronic fetal mon-
itoring during one or two visits between 41+0 and 42+0weeks of
gestation, isa common practice for low-risk pregnancies. Induction is
performed at the mother's request between 41+0 and 42+0weeks.
In the Netherlands, IOL is recommended by the guidelines and is a

standard procedure after 42+0weeks.*®

2.3 | Datasource

In this study, we used data from the National Perinatal Registry
(Perined; www.perined.nl). Perined is a linked database of all peri-
natal caregivers (midwives, general practitioners, obstetricians and

neonatologists).}”2°

2.4 | Population

We extracted data of singleton deliveries during the period 2010-
2019 with low-risk, defined as women without elective CS, women
without a history of CS, non-cephalic presentation of the fetus, and
children without congenital anomalies or small-for-gestational-age
infants (below 5th percentile birthweight), and women without
hypertensive disorders, diabetes mellitus or gestational diabetes.
Congenital anomalies were classified as major and minor congenital
anomalies defined by midwives, obstetricians and neonatologists in
the general categories of anomalies by organ systems (www.perin
ed.nl). We further excluded women for whom the method of labor
onset was not clear in the registration (Figure 1). In the three IOL
groups, the child had to be alive at the start of labor; therefore, an-
tepartum deaths were excluded in these 2-day induction groups.
This is because, in the event of antepartum death, IOL is the main
delivery path, and the perinatal database does not provide informa-

tion about the moment of antepartum death.

2.5 | Exposure

We subdivided the study group into three 2-day subsamples: early,
mid and late (Table 1). We first analyzed group 1 (G1) IOL at 41+0
and 41+1weeks (day 287-288) and compared these results with
those of expectant management from 41+0 to 4240 (287-294 days).
Then, we repeated this analysis with the G2 group IOL (41+2 and
41+3, 289-290days), which we compared with expectant manage-
ment from 41+2 to 42+0 (289-294 days). G3 group IOL (41+4 and
41+5, 291-292days) was subsequently compared with expectant
management from 41+4 to 42+0 (291-294days). Expectant man-
agement includes the first 2days with spontaneous start of labor
and the following days until 42+0weeks of all ongoing pregnancies
with spontaneous start of labor or induction.

2.6 | Outcomes

The main neonatal outcome measurements were stillbirth, perina-
tal mortality (stillbirth or neonatal mortality within 28days), 5-min
Apgar score <4 and 5-min Apgar score <7, and NICU admission 224 h.
Secondary neonatal outcomes included meconium aspiration syn-
drome (MAS) and neonatal admission for asphyxia, defined as admis-
sion asphyxia and/or admission for cooling treatment for asphyxia
and/or admission for ischemic asphyxia and/or convulsions and/or
intraventricular bleeding and/or encephalopathy. Adverse neonatal
outcomes were defined as perinatal mortality (stillbirth or neonatal
mortality <28days) and/or 5-min Apgar <4 and/or NICU admission
224 h and/or MAS and/or neonatal admission for asphyxia. When a
child showed more than one adverse event, this was counted as one
adverse outcome.

Maternal outcome measurements included instrumental vaginal
delivery and emergency CS rates. A secondary or emergency CS is
performed after the start of labor in cases of complications during
labor or delivery. This is in contrast to primary (elective) CS, which
is performed before the start of labor. Secondary CS rates were fur-

ther described as emergency CS rates.

2.7 | Statistical analyses
We analyzed outcomes in the three different IOL groups and com-
pared the results with those of the expectant management groups
within 41 weeks of gestation (Table 1). Specifically, propensity score
matching was applied to match the characteristics of women who
received IOL with those of women who underwent expectant man-
agement. By doing this, the effect of possible confounding by in-
dication was minimized. The propensity score approach attempts
to balance the maternal characteristics of women who receive in-
duction with those in the expectant management reference group.
First, we performed a pre-analysis of non-matched data. The vari-
ables used to calculate the propensity score were selected based
on the literature and availability in the national registry.t*>716:21
The matching variables used for IOL included late start of antenatal
care (215weeks of gestation), parity, ethnicity, infertility treatment
(ART), maternal age, socioeconomic status quintiles, year of birth
(2010-2019), birthweight percentile in five groups (p5-p9, p10-p49,
p50-79, p80-p89, p20-p100), and male sex of the child. We further
matched the induction characteristics of the birth units (units with
low inductions in week 41 [<40%], units with mean induction rates
[40%-45%] and units with a high percentage of inductions [>45%)]).
Missing values in the matching variables were rare and were treated
by single imputation. Continuous and categorical variables were
used as matching variables in the propensity score analysis, which
was performed with 1:1 matching. The nearest neighbor match-
ing algorithm was executed separately for each of the three study
groups (G1, G2 and G3).

For each of the three study groups, we tested differences in
neonatal and maternal outcome measurements between IOL and
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FIGURE 1 Flow chart of the study All singleton children from 24 weeks

population. onwards born from 2010 to 2019
n=1636536
excluded:
P birth <41+0 weeks (287 days) n=1333 638
birth >42+0 weeks (295 days) n=9 589

born between 41+0 and 42+0 weeks
n =293 309

excluded:

P previous cesaren section n=15 301
elective cesaren section n=1528
Non-cephalic presentation n=4967

born without cesaren section and in
cephalic presentation

n=271513
excluded:
< Congenital anomalies n=4 589
birthweight percentile <P5n=12 320

Born without congenital anomalies
with a birthweight percentile >=P5
n=254 604

excluded:
Hypertensive disorders n=8 582

A

v

Diabetes mellitus / gestational diabetes n=2 152
Unknown type of labor onset n=3 880
Antepartum death in the first IOL group G1 n=19

Study population

n=239 971

expectant management before and after matching using chi-square
and logistic regression analyses. Finally, the analysis was conducted
according to parity (nulliparous or multiparous).

The overall propensity score between IOL and expectant man-
agement was calculated and tested before and after matching using
the t-test. The covariate balance in the matched samples was tested
for all variables used in the matching. We further used the t-test for
continuous variables and chi-square test for categorical variables
before and after matching, and we applied the standardized mean
differences.

The crude and adjusted odds ratios (aOR) with a 95% confidence
interval (Cl) were calculated using logistic regression for the outcome
differences between IOL and expectant management. Adjustment of
the odds ratios was only performed for parity in the total population.
In addition, based on the outcomes after matching, we performed
a doubly robust estimation by adjusting for any matching variables
(eg ethnicity, fertility treatment, maternal age, SES or fetal gender)
that were not fully balanced. This was performed for all outcome
variables except mortality, for which the sample size was too small.

The number needed to treat (NNT) was calculated for stillbirth or
perinatal death as the inverse of the absolute risk reduction between
induction and expectant management (1/absolute risk reduction).

All statistical analyses were performed using SAS (version 9.4;
SAS Institute Inc., Cary, NC, USA) and R and R Studio (version 4.0.3.
using the Matchit package).??

2.8 | ETHICS STATEMENT
Approval for this study was granted by the Committee of Research
and Ethics of Perined (Approval no. 2020-36) on October 13, 2020.

3 | RESULTS

We included 239971 low-risk pregnancies from 41+0weeks
(287 days) to 42+0weeks (294 days) from the singleton study popu-
lation (n = 1 636536). The flow chart in Figure 1 shows the differ-
ent exclusion groups, including antepartum deaths (n = 19), in the
first IOL group. The mean maternal age was 30.6 years and the mean
birthweight was 3782g.

The IOL rate was 29.7%, and the induction rate significantly
increased over the gestational age of 41weeks. The induction
rate was 20.1% at 41+0 (day 287) and 67.7% at 42+0 (day 294).
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TABLE 1

Propensity matched

Original

Expectant management

Induction of labor
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Induction of

Induction of expectant
labor labor

expectant

Total

management

Total

management

until

Gestational age

weeks + days

days days

Weeks + days

43926
35130
31498

21963
17565
15749

21963
17565
15749

239971

21963
17565
15749

218008
123903
57220

42+0

287-294
289-294

41+0 to 41+1 287-288
291-294

Group 1 G1
Group 2 G2

141468
72969

4240
42+0

289-290
291-292

41+2 to 41+3
41+4 to 4145

Group 3 G3

The overall incidence of adverse neonatal outcomes at 41 weeks
of gestation was low for perinatal mortality (0.10%), 5-min Apgar
<4 (0.17%) and 5-min Apgar <7 (1.3%). The incidence rates over
41 weeks were 11.5% for instrumental delivery and 10.3% for
emergency cesarean delivery, which were higher in nulliparous
women than in multiparous women (20.0% and 17.4%, respec-
tively; Table S1).

Table 1 shows the three different study groups (G1-G3), each
demarcated by a 2-day interval, and women with IOL compared with
women with expectant management.

IOL at 41+0 to 41+1weeks (287-288days) (G1) (n = 239971)
compared with expectant management until 42+0 (day 294) showed
that stillbirth significantly decreased (aOR 0.15, 95% CI 0.05-0.51)
but perinatal mortality did not (aOR 0.55, 95% Cl 0.29-1.04). Overall,
1250 inductions were needed (NNT) to prevent one stillbirth.

IOL at 41+0 to 41+1 weeks significantly increased the rates of
5-min Apgar score<7 (aOR 1.30, 95% Cl 1.09-1.55) and NICU ad-
missions 224 h (aOR 2.12, 95% Cl 1.53-2.92). In addition, admission
for asphyxia increased after 0L, as did adverse neonatal outcomes.

Parity analysis showed that stillbirth was significantly decreased
in nulliparous and multiparous women. The adverse effects of
low Apgar score<7, NICU admission and adverse neonatal out-
comes were significantly increased only among nulliparous women
(Table 2). The emergency CS rate was significantly increased (aOR
1.42, 95% Cl 1.34-1.51) after IOL, but only for nulliparous women.
Propensity scores after matching were comparable (p = 0.62). The
characteristics of the women and children in G1 before and after
matching are described in Table S2. Because there were still small
differences in ethnicity and fertility treatment, we further adjusted
for these factors, besides parity, when obtaining the adjusted odds
ratios.

In the IOL at 4142 to 41+3weeks (G2) (289-290days), we en-
rolled 141468 infants after excluding 20 antepartum deaths in the
IOL group. As compared with expectant management until 42+0
(day 294), IOL at 41+2 to 41+3weeks resulted in a reduced risk
of perinatal mortality (three deaths of 17565 vs. 23 deaths out of
17565 [0.02% vs. 0.13%], p<0.0001; aOR 0.13, 95% Cl 0.04-0.43),
and reduced the risk of stillbirth (Table 3). A total of 909 inductions
were required (NNT) to prevent one perinatal death. After IOL, there
was also a significant increase in 5-min Apgar score<7 (aOR 1.26,
95% Cl 1.06-1.50). Analysis by parity showed that perinatal mor-
tality was significantly lower in nulliparous and multiparous women,
and the 5-min Apgar score <7 was increased in multiparous women.
The emergency CS rate was significantly increased after IOL (aOR
1.57, 95% Cl 1.48-1.67) for both nulliparous and multiparous
women. Instrumental delivery increased after IOL (aOR 1.10, 95%
Cl 1.03-1.17) but this difference was only significant for nulliparous
women (@OR 1.11, 95% Cl 1.03-1.19 and aOR 1.05, 95% Cl 0.90-
1.23, respectively).

Matching resulted in comparable propensity scores between
the IOL and expectant groups (p = 0.71). The characteristics of the
women and children in G2 before and after matching are shown in
Table S3. Because there were still small differences in ethnicity and
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RAVELLI ET AL.

fertility treatment, we further adjusted for these factors, in addition
to parity, when analyzing the adjusted odds ratios in G2 in the total
population.

The IOL at 41+4 to 41+5weeks (G3) (291-292days) included
72969 infants after exclusion of 13 antepartum deaths in the IOL
group. Compared with expectant management until 42+0 (day 294),
IOL at 41+4 to 41+5weeks showed differences in neonatal out-
comes, and stillbirths were reduced (aOR 0.30, 95% CI 0.10-0.93).
A total of 2000 inductions (NNT) were required to prevent one still-
birth. The rate of 5-min Apgar score <4 was increased (aOR 1.61,
95% ClI 1.01-2.56) and NICU admissions were also higher (aOR 1.52,
95% Cl 1.08-2.13); both were significantly increased in nulliparous
women.

Significantly higher emergency CS rates were observed after
IOL at 41+4 to 41+5weeks (aOR 1.47, 95% Cl 1.38-1.57) and these
were significantly increased in nulliparous and multiparous women.
Instrumental deliveries increased with IOL (aOR 1.08, 95% Cl 1.01-
1.15) (Table 4).

The characteristics of the women and children in G3 before and
after matching are described in Table S4. Because there were still
small differences in ethnicity and weeks of care, we further adjusted
for these factors, in addition to parity, when obtaining the adjusted
odds ratios.

4 | DISCUSSION

In all day groups at 41 weeks, IOL reduced stillbirth compared with
expectant management. At 41+2 to 41+3 weeks, IOL reduced peri-
natal mortality in nulliparous and multiparous women. More children
with low 5-min Apgar scores and more NICU admissions occurred
with IOL, especially in nulliparous women. IOL in all 2-day groups
coincided with an elevated CS rate for both nulliparous and multipa-
rous women.

NNT analysis showed that in G1, 1250 inductions were needed
to prevent one stillbirth; in G2, 909 inductions were needed to pre-
vent one perinatal death; and in G3, 2000 inductions were needed
to prevent one stillbirth.

A major strength of our study was the use of a national registry
database with large numbers in the general population. In this recent
cohort, IOL at 41 weeks of gestation was and is not yet a common
practice as in other European and Western countries.?> Another
strength of this cohort study is the application of the propensity
score matching method. RCTs that previously investigated this study
question lacked the statistical power to separate neonatal outcomes
and to perform analysis by parity due to the small number of adverse
outcome cases at 41weeks. RCTs on IOL and expectant manage-
ment at 41 weeks may provide results that are not generalizable, as
more than 70% of the eligible women refused to participate in these
trials. 167

Propensity score analysis minimized the effect of possible
confounding by indication in the IOL group, as each characteristic
of a woman with IOL was matched with a woman with the same

characteristics in the expectant management group. Induction can
be performed when complications (threaten to) occur, or at the re-
quest of the mother. Unfortunately, we lacked the information re-
quired to analyze the influence of these unmeasured factors.

In our study, we used 2-day intervals to separate patients in a

manner similar to that used by Pyykonen et al.?!

with 3-day inter-
vals. Another recent study on risks at 41 weeks did not use propen-
sity score matching but adjusted for induction.* That study found a
higher incidence of neonatal morbidity and emergency CS at 41+4
to 42+0weeks than for births at 41+0 to 41+3 weeks.

This cohort study was limited compared with RCTs in that only
the IOL on a specific day could be used, not the intended IOL. The
cohort analyzed in the present study included all births at 41+0 to
42+0weeks of gestational age in the Netherlands (with 98% com-
pleteness) and included relevant potential confounders, except for
smoking and body mass index (BMI). The time (day, hour) of ante-
partum death was not registered in the national registry and the um-
bilical pH value was not routinely measured; therefore, these data
could not be used.

Antepartum deaths were included in the expectant group but
not in the IOL groups. Thus, stillbirth and perinatal mortality may
have been overestimated in the expectant group, as some infants
who died before the start of labor were included.

Induction resulted in a reduction in stillbirth in all 2-day groups
at 41 weeks of gestation compared with expectant management, in
addition to a reduction in perinatal mortality in the IOL group from
41+2 to 41+3weeks. The Dutch randomized trial INDEX showed
that inductions resulted in a significant difference in adverse perina-
tal outcomes, but not in perinatal mortality, compared with expect-
ant management.

We further found that after induction in week 41, compared with
expectant management, there were more NICU admissions 224 h
and more adverse outcomes with 5-min Apgar <7 and 5-min Apgar
<4. This agrees with the results of some studies examined in the
systematic reviews by Middleton et al.'? and Roach et al.,%* whereas
other studies in the same reviews showed decreased risks for NICU
admission and Apgar <7 after IOL.

An important finding in our study is the increased risk of
emergency CS rates after IOL in any day group at 41weeks.
This finding agrees with that of several observational stud-
jes.?®2> However, the results of our study conflict with those
of two systematic reviews that concluded that IOL at week 41
had even lower emergency CS rates than did expectant manage-
ment.2%?” Recent RCTs have shown no increase in CS after 10L
at 41 weeks.'®"1728 Trials on 1OL at 41 weeks of gestation, where
less than 70% of eligible women agreed to participate, are possi-
bly not generalizable. Future research based on matched obser-
vational studies with a large number of observations, such as the
study by Pyykonen et al.,?* may further explain the differences
in CS rate outcomes between RCTs and cohort studies. It is also
possible that trials generate more vigilance during IOL and in ex-
pectant management groups, and CS rates are therefore not com-

parable with daily practice.*®*"2?
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Recent RCTs were not designed or powered to stratify their re-
sults by parity.*>"Y”25 Conversely, our study showed that the CS rate
was considerably increased with IOL compared with that with ex-
pectant management in both nulliparous and multiparous women.
Most observational studies have shown comparable emergency CS
rates in nulliparous and multiparous low-risk women.2%30-32

In the Netherlands, expectant management in low-risk pregnan-
cies with fetal surveillance is performed according to local, regional or
national protocols from 41 to 42 weeks of gestation.18 This includes as-
sessment of the fetal condition with sonographic examination and elec-
tronic fetal monitoring. If IOL is requested by the mother at 41 weeks
in a low-risk pregnancy, referral by the midwife to an obstetrician
should be made, and labor should be initiated under obstetrician-led
care. Moreover, IOL coincides with a considerable increase in emer-
gency cesarean sections, which is particularly important in nulliparous
women, with all the disadvantages for subsequent pregnancies.

Based on this and other cohort studies, we suggest that it would
be better to perform shared decision-making for induction or wait-
ing in low-risk pregnancies at 41 weeks of pregnancy than routine

induction at 41 weeks of gestation.

5 | CONCLUSION

In all two-day groups investigated in this study, IOL reduced stillbirth
at 41weeks but only reduced perinatal mortality at 41+2 to 41+3
compared with expectant management. A greater proportion of in-
fants had low 5-min Apgar scores and more NICU admissions were
observed with I0OL, especially in nulliparous women. IOL in all two-
day groups coincided with elevated emergency CS rates for both
nulliparous and multiparous women. The advantages and disadvan-
tages of IOL compared with those of expectant management require

special attention when counseling women at 41 weeks of gestation.

AUTHOR CONTRIBUTIONS

This study was designed by ME, AR and CG. AR performed statistical
analysis. Data interpretation was performed by AR, ME, AA, JP, CG.
ME and AR wrote the draft version of the paper and all authors criti-

cally revised the article and approved the final version.

ACKNOWLEDGMENTS
We thank Perined for the provision of the national perinatal registry
data.

CONFLICT OF INTEREST STATEMENT
None.

ORCID
Martine Eskes "= https://orcid.org/0000-0002-7181-8665
REFERENCES

1. Cheng YW, Nicholson JM, Nakagawa S, Bruckner TA,
Washington AE, Caughey AB. Perinatal outcomes in low-risk term

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

pregnancies: do they differ by week of gestation? Am J Obstet
Gynecol. 2008;199(370):e1-e7.

Middleton P, Shepherd E, Crowther CA. Induction of labour for
improving birth outcomes for women at or beyond term. Cochrane
Database Syst Rev. 2018;5:CD004945.

Nakling J, Backe B. Pregnancy risk increases from 41 weeks of ges-
tation. Acta Obstet Gynecol Scand. 2006;85:663-668.

Andersson CB, Petersen JP, Johnsen SP, Jensen M, Kesmodel US.
Risk of complications in the late vs early days of the 42nd week of
pregnancy: a nationwide cohort study. Acta Obstet Gynecol Scand.
2022;101:200-211.

De Los Santos-Garate AM, Villa-Guillen M, Villanueva-Garcia D,
Vallejos-Ruiz ML, Murguia-Peniche MT, Network NEs. Perinatal
morbidity and mortality in late-term and post-term pregnancy.
NEOSANO perinatal network's experience in Mexico. J Perinatol.
2011;31:789-793.

Fleischman AR, Oinuma M, Clark SL. Rethinking the definition of
"term pregnancy". Obstet Gynecol. 2010;116:136-139.

Lawn JE, Blencowe H, Waiswa P, et al. Stillbirths: rates, risk factors,
and acceleration towards 2030. Lancet. 2016;387:587-603.

Muglu J, Rather H, Arroyo-Manzano D, et al. Risks of stillbirth and
neonatal death with advancing gestation at term: a systematic re-
view and meta-analysis of cohort studies of 15 million pregnancies.
PLoS Med. 2019;16:€1002838.

Zeitlin J, Blondel B, Alexander S, Breart G, PERISTAT Group.
Variation in rates of postterm birth in Europe: reality or artefact?
BJOG. 2007;114:1097-1103.

Mandruzzato G, Alfirevic Z, Chervenak F, et al. Guidelines
for the management of postterm pregnancy. J Perinat Med.
2010;38:111-119.

Lightly K, Weeks AD. Induction of labour should be offered to all
women at term: FOR: induction of labour should be offered at term.
BJOG. 2019;126:1598.

Middleton P, Shepherd E, Morris J, Crowther CA, Gomersall JC.
Induction of labour at or beyond 37weeks' gestation. Cochrane
Database Syst Rev. 2020;7:CD004945.

Wise J. NICE recommends inducing pregnant women one week
earlier. BMJ. 2021;373:n1358.

NICE. Induction of labour for prevention of prolonged pregnancy.
2021.

Alkmark M, Keulen JKJ, Kortekaas JC, et al. Induction of labour at
41 weeks or expectant management until 42weeks: a systematic
review and an individual participant data meta-analysis of ran-
domised trials. PLoS Med. 2020;17:e1003436.

Keulen JK, Bruinsma A, Kortekaas JC, et al. Induction of labour at
41 weeks versus expectant management until 42weeks (INDEX):
multicentre, randomised non-inferiority trial. BMJ. 2019;364:1344.
Wennerholm UB, Saltvedt S, Wessberg A, et al. Induction of la-
bour at 41 weeks versus expectant management and induction of
labour at 42 weeks (SWEdish Post-term induction study, SWEPIS):
multicentre, open label, randomised, superiority trial. BMJ.
2019;367:16131.

FMS/NVOG. Guideline Prolonged Pregnancy. 2021.

Meray N, Reitsma JB, Ravelli AC, Bonsel GJ. Probabilistic record
linkage is a valid and transparent tool to combine databases without
a patient identification number. J Clin Epidemiol. 2007;60:883-891.
Wiegerinck MMJ, Eskes M, van der Post JAM, Mol BW, Ravelli
ACJ. Intrapartum and neonatal mortality in low-risk term women
in midwife-led care and obstetrician-led care at the onset of labor:
a national matched cohort study. Acta Obstet Gynecol Scand.
2020;99:546-554.

Pyykonen A, Tapper AM, Gissler M, Haukka J, Petaja J, Lehtonen
L. Propensity score method for analyzing the effect of labor in-
duction in prolonged pregnancy. Acta Obstet Gynecol Scand.
2018;97:445-453.


https://orcid.org/0000-0002-7181-8665
https://orcid.org/0000-0002-7181-8665

RAVELLI ET AL.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Sekhon JS. Multivariate and propensity score matching software
with automated balance optimization: the matching package for R.
J Stat Software. 2011;42:1-52.

Rydahl E, Eriksen L, Juhl M. Effects of induction of labor prior to
post-term in low-risk pregnancies: a systematic review. JBI Database
System Rev Implement Rep. 2019;17:170-208.

Roach VJ, Rogers MS. Pregnancy outcome beyond 41 weeks gesta-
tion. Int J Gynaecol Obstet. 1997;59:19-24.

Lindegren L, Stuart A, Herbst A, Kallen K. Improved neonatal out-
come after active management of prolonged pregnancies beyond
41(+2) weeks in nulliparous, but not among multiparous women.
Acta Obstet Gynecol Scand. 2017;96:1467-1474.

Wennerholm UB, Hagberg H, Brorsson B, Bergh C. Induction of
labor versus expectant management for post-date pregnancy:
is there sufficient evidence for a change in clinical practice? Acta
Obstet Gynecol Scand. 2009;88:6-17.

Wood S, Cooper S, Ross S. Does induction of labour increase the
risk of caesarean section? A systematic review and meta-analysis of
trials in women with intact membranes. BJOG. 2014;121:674-685;
discussion 85.

Lindegren L, Stuart A, Carlsson Fagerberg M, Kallen K.
Retrospective study of maternal and neonatal outcomes after in-
duction compared to spontaneous start of labour in women with
one previous birth in uncomplicated pregnancies >/=41+3. J
Perinat Med. 2020;49:23-29.

Kenyon S, Skrybant M, Johnston T. Optimising the management of
late term pregnancies. BMJ. 2019;364:1681.

Danilack VA, Dore DD, Triche EW, Muri JH, Phipps MG, Savitz DA.
The effect of labour induction on the risk of caesarean delivery:

31.

32.

using propensity scores to control confounding by indication.
BJOG. 2016;123:1521-1529.

Mahomed K, Pungsornruk K, Gibbons K. Induction of labour for
postdates in nulliparous women with uncomplicated pregnancy
- is the caesarean section rate really lower? J Obstet Gynaecol.
2016;36:916-920.

Thorsell M, Lyrenas S, Andolf E, Kaijser M. Induction of labor and
the risk for emergency cesarean section in nulliparous and multipa-
rous women. Acta Obstet Gynecol Scand. 2011;90:1094-1099.

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Ravelli ACJ, van der Post JAM, de
Groot CJM, Abu-Hanna A, Eskes M. Does induction of labor
at 41 weeks (early, mid or late) improve birth outcomes in
low-risk pregnancy? A nationwide propensity score-matched
study. Acta Obstet Gynecol Scand. 2023;102:612-625.
doi:10.1111/a0gs.14536


https://doi.org/10.1111/aogs.14536

	Does induction of labor at 41 weeks (early, mid or late) improve birth outcomes in low-­risk pregnancy? A nationwide propensity score-­matched study
	Abstract
	1|INTRODUCTION
	2|MATERIAL AND METHODS
	2.1|Study design
	2.2|Setting
	2.3|Data source
	2.4|Population
	2.5|Exposure
	2.6|Outcomes
	2.7|Statistical analyses
	2.8|ETHICS STATEMENT

	3|RESULTS
	4|DISCUSSION
	5|CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


